MRI-Based methods for detection of tumor hypoxia
• BOLD effect -Sensitive to changes in magnetic susceptibility generated by deoxyhemoglobin so that different levels of blood oxygenation can be potentially used as a noninvasive biomarker for studying tumor oxygenation.
-The changes in tumor oxygenation may result from changes in the vessel oxygen wall permeability, rheological properties of blood, the geometry of the blood vessels, oxygen content of blood, and the shape of the oxygen dissociation curve.
• 
FREDOM Approach
• Advantages:
-Provide pO 2 information directly -Dynamic maps provide pO 2 heterogeneity in spatial and temporal distribution -Good reference standard
• Disadvantages:
Purpose
• To present a novel imaging strategy for noninvasive measurement of tumor oxygenation using MR imaging of endogenous blood and tissue water Rationale and theory
• R20 is the R2 of fully oxygenated blood, • R2ex is the enhanced exchange/diffusion contribution to the measured relaxation rate, • R2nonbl is the relaxation rate of nonblood components.
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Materials and Methods
• Tumor Models -Two well-characterized Dunning R3327 rat prostate cancer lines: AT1 and MAT-Lu -Implanted subcutaneously in the thigh of eight male Copenhagen rats (~200 g).
-MRI was performed when tumors reached approximately 0.5-2.5 cm in diameter, typically, 8-9 days after implantation for MAT-Lu and 14-20 days for AT1 tumors. 
Limitations
• Firstly, while most oxygen in the vasculature is carried by hemoglobin several factors affect the oxygen dissociation curve including plasma pCO 2 , pO 2 and pH, as well as temperature, lactate and hematocrit, which we assumed to be constant for all rats.
• Second, our measurement of blood volume was based on a modified IVIM model with the major contributions from arterioles. Tumor blood vessels differ from normal vasculature and the microvessel fractions for arterioles, capillaries, and venules are unknown.
• The acquisition of T 1 , T 2 and IVIM maps required for each pO 2 map was about 14 minutes here, we anticipate that the measurements time could become more efficient using accelerated methods and possibly compressed sensing.
Summary
• Our findings demonstrated the feasibility of non-invasively measuring tumor pO 2 using 1 H MRI derived multi-parametric maps.
• The correlation with 19 F MRI oximetry confirmed the accuracy of tumor pO 2 measurements.
• The precision and repeatability suggest utility and the widespread availability of the pulse sequences suggest potential for application to patients.
